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RESEAPCH MEMORANDUM

KNOCK-LIMITED POWER OUTPUTS FROM A CFR ENGINE USING
INTERNAL, COOLANTS
III - FOUR AIXYL AMINES, THREE ATKANOLAMINES
SIX AMIDES, ARD EIGHT HETEROCYCLIC COMPIUNDS

By Harry S, Imming and Donald R, Bellman

SUMMARY

Investigatinne were conducted to determine the antikmock
effectivenenss of various additlve-water solutions used as Internal
coolants in conjunction with AN-F-28, Amendment-z2, fuel in a
modified CFR engine, Each internal-coolant sclutlon was Injected
at a coolant~-fuel ratio of 0,50 and conteined 70-percent water and
30-percent by welght of each of the followlng compounds:

Alkyl amines
Isopropylamine
Isobutylamine
tert-Butylemine
Monoamy_&mine

Alkanolanmines
Ethanolamine
Dlethanoclamine
2~-Amino~2-methyl~l-propancl

Amides
Formamide
N-Ethylformanide
I-Ethylecetamide
N-Ethylproplionamide
N,N~Dimethylformamide
N,N-Diethylacotamide
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Hetercocyclic crmpounds
2,2-Dimethylothylenimine
Moxrpholine
Pyridine
Z-Methylpyridine
3~Mcthylpyridine
4-Mothylpyridine
Z2,6-Dinethylpyridine
2-Vinylpyrldine

Resulte of Investigations are also presented for AN-F-28,
Amendment-2, fuel run with no intermal coolant and with water alone
as the Internal coolant at coclamt-fuel ratioe of 0.35 and 0,50,
Three of the alkyl aminss, the six amides, and six of the hetero-
cyclic compounds railsed the xnock limit of the base fuol more than
an equlivalent emount of water at most of the fuel-air ratios investi-
gated. ZEthanclamine and Z-amino-2-methyl-l-projpansl raised the knock
1imit more than an equivalent amownt of water at fuel-alr ratioe
greaver than 0,093, The 21 compounds investigated were less effective
1n raising the knock limit thar monwmetbylemine, dimethylemine, and
ethylenediamine, wh'ch were provicusly Investigated.

INTRODUCTION

An investligetion of the antliimock effectliveness of various
additive-water solutions when used as Internal coolanta has been
conducted at the NACA Cleveland leboratory. Wine compounds have been
previously run in a CFR engine and the resulis are presented in reof~-
erences 1 to 3., Of thse nine campounds, moncmethylamine, dimethylamine,
ani ethylonediamine permltted the greatest inecreases in knock-limitod
power, From conslderations of the physical properties, however, tha
usge of these compounds as intermal cooclants would be restricted., For
example, moncmethylamine and dimethylamine are gasesus at room temper-
ature and have limited solubllitles In water. Ethylonediamine, an
well as monomethylamine and dimesthylemine, is corrosive in contact
wlth copper.

In an offort to find a gond antiknock-ccolant additive with more
desirable physical properties than those of the nine coupounds
previously investigated, water solutions of four aliyl aminos, three
alkanolamines, six amides, and elight heterocyclic compounds were
invostigatod and the results arc presanted.
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INTERNAL COOLANTS AND BASE FUEL

Pach additive~water solution contained 3C-percent additive by
welght, Boiling points and solubilitlies of the pure additives are
presented in the following table:

I Yhysical propertles
Additive jBoiling Solubility
' point (a)
* (°C) {Water  ‘Alcohol|Ether
Alkyl amines
Isopropylamine 34 <« <o ]
Isobutylamine 68 ‘@ © ®
tert-Butylamine 45 © i e >
Monoamylamine |
(mixed isomers) 84-110 v8 Rt et
Alkanolaminse i
Ethanolamine 1172 oo o v8s
Diethanolamnine - ) 268 @ <o 88
2-Amino-2~metliyl-l-propenol| 165 @ ememmee | ————
Amides 1 :
Formamide 211 { =@ © . 88
N-Ethylfornamide 128 o o S
N-Ethylacebtamide 205 i ) S R
N-Ethylpropionamide® |---mce- ——————— -[--— ---------
N,N-Dimethylformacide 155 s s 8
N,N-Dlethylacetamide 187 8 8 8
Heterocyclic co—pounds .
2,2-Dimethyletkylenimine 71 B LTy | -----
Morpholine iz8 = ! =] 8
Pyridine 113 @ ‘ = >
2-Methylpyridine 123 . ve o | =
3-Methylpyridine 144 @ @ |
4-Methylpyridine - 143 @ oo ! o
2,6-Dimethylpyridine 143 {© cold 8 .8
‘{ s hot i I
2-Vinylpyridine 159 ves , ve | vs

8The following abbreviations are used to indlicate the solu-
bilitics of the additivea: «, Iinfiniteiy soluble;
ve, vory soluble; s, soluble; s8s, alightly soluble;
ves, very siightly soluble.

bNo data are available for this cormpound.

GRS
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In addition to runs made with additive-water solutions as internsl
coolants, runs were also made with water alune as the internal coolant.

The additive-water solutlons were prepared at thls laboratory from
comnercial-grade cumpounds and distllled water, The 2,2-dimethylethylen-
imine and the teri-butylamine compounds wers noét avallable commorclally
and were prepared at thls laboratory. The correct concentration of
2,6-dimethylpyridine could be mailntained only at temperatures of 207 C
or less. This solutlon was kept in an ice bath while being run,

The merits of the internal~coolant sclutions were determined by
the effect of the coolant on the knock-limited performance of AN-F-28,
Amendment-2, fuel. A single batch of this fuel wes used in thie prosent
investigation and in the investigations reported in references 2 and 3.

In order to avoid confusion, the followipng definiticns are used:

(1) Fuel: AN-F-28, Amendment-2, used as base fuel

(2) Water-fuel ratio: welght ratio of water containing no
additive to AN-F-28, Amendment-z2, fuel

(3) Additive~water ratio: weight ratio of pure additive to water

{(4) Internal coolant: elther pure water or additlve-water solution

APPARATUS AND PRCCEDURE

The engine, auxiliary equipment, and procedure of investigatlng
the internal coolants were the same as described in reference 3, The
additive-water solutlons were run at a coolant-fuel ratio of 0.50.
Water alone was run at coolant-fuel ratlos of 0.35 and 0.50 by welght.

The following engine condltiona were melntalned constant through-
out the program:

Engino speed, TPH. o« « ¢ o o o 5 + s+ s 4 s 4 8 s s s « « o« » 2500
Compresslon Y&tI0. 4 « o « « o « « s o o s ¢« o s o o s s s s ¢« 1.0
Spark advanco, 8@ B«TeCu v 4 ¢ v ¢ ¢ v ¢ ¢ 4+ &« 4 o s s o« 30
Inlet-air temperature, °F . & 4 4 ¢« 4 + « « o + o s o s o « +» 250
Jacket tempsrature, OF . . « . . ¢ ¢ & ¢ ¢ o 4+ ¢ o s ¢« s o « o 250
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PRESENTATION AND DISCUSSIOCHN OF RESULTS

Knook-limited indicated mean effective pressures and indlicatzd
gpecific fuel consumptions plotted agsinst fuel-alr ratio fcr fusl
with and without water as an intermal coolant are presented 1in
figure 1. Similar data for fuel with internal-coolant solutions
containing 70-percent water by welght and 30-percent of each of the
2) additives are prescnted in figures 2 to 4.

The following table lndicates the reproducibility of the data
by giving ratios of arithmetical-mean devliatlon to average knock-
limited indicated nean effective pressure (expressed as percentage)
as detormined from the runs of fuel alone and wlth water as an
internal coolant:

Ratlo of arithmetical-mean deviation
Number %0 knock-limited imep
Water-fuel of (percent)
ratio
runs Fuel-air retio
0.05{0,0610,070,C810,02{0.10
0 4 3.4 |3.3 ,2.8 [3.8 2.0 2.7
0.50 2  jememm——— 5.5 {1.0 .8 12,0 11.8

The values in this table were detsrmined from runs made at intervals
throughout the progream and indlcate that a good degree of reproduci-
bility was obtained. The reproducibility of the knock-limited
performance when using internel-coolant additives, however, was not
checked because of llmited supplies.

The results obtalned in this investigatlion ere presented in
table I in terms of the ratlios of the knock-limlted lndicated mean
ePfective pressures obtalned when using coolant additives to those
obtalned when using waber alone ait two different water-fuel ratlos.
The upper and lower values were determined by the following ratlos:

upper valus,

knock-~limited inep of 0.5¢ (0.30 additive + 0,70 water) + 0.50 fuel
knock-limited imep of 0.35 water + 0,85 fuel
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lower value,

knock~limited imep of 0.50 (0.30 additive + 0.70 water) + 0.50 fuel
knock=-limited imep of 0.50 water + 0,50 fuel

An upper value above 1.00 indicatea that the addition of the
additive ralsed the lmock limit, 7This improvement in knock-limited
performance can be attributsd to the effect of the additive as an
antiknock agent and to the improvement In cooling resulting from the
addition off-more Internal coolant per pound of fuel, A lowsr value
above 1,00 indlicates that the addltive ralsed the kmock limit a
greater amount than an equivalent amount of water. As before, this
improvement may result from the antikmock quality of the additive aam
woll aa the cooling properties. Fram this dlscusslon,an upper value
above 1,00 together with a lower value below 1.00 theiefore denotes
that the additive raised the knock limit but not as much as an -
equivalent amount of water.

Monoamylamine, diethanolamine, 2,2-dimethylethylenimine, and -
morpholine were lesa effsective than water as internal coolants for
all values of fuelw-air ratio. Ethanolamine and Z-amino-2-methyl-
l-propanol were more effective than water as Internal coolants at
fuel~alr ratlios greater than 0,083 but were less effective than
water at lower fuel-gir ratios. The alkyl amines {with the excep-
tion of monosmylemine), the amides, and the heterocyclic compounds
(with the exception of 2,2-dimethylethylenimine and morpholine) were
more effective than water as internal coolants for moat values of
fuel-air ratlo.

The bar graph (fig. 5) compares at fuel-air ratiocs of 0.06,
0.08, and 0,10 the effectiveness of the intermal-coolent additives
run during thls investigatlon with that of six inbernal coolants
previously reported in reference 3, The values used In the graph
are ratlos of the knock~limited indicated msan sffectlve preassure
pormitted with an additlive-water sclution as the intermsl coolant
to that pexrmitted wilth water alvne as the intermal cooslant at a
coolant-fuel ratio of 0.50., Monomethylamine, dimethylamine, and
sthylenedlamine are more effective as internal-coolant additives
than any of the other 24 compounds,

SUMMARY OF RWSULTS

The results of Investigatlone of water solutions of four alkyl
amines, three alkanolamines, six amldes, and elght heterocyclic
compounds as intermal-coolant additives in a CFR englne may be
gsumarized as followss
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1. Three alkyl emines, the six amides, end six heterccyclic
compounds were more effective than water as internal coolants for
moat values of fuel-zlr ratio.

2, Monoemylamine, dlethanolemine, 2,2-dimethylethylenimine,
and morpholine were less effective than water as intermal coolants
for all values of fuel-alr ratio, Ethanolamine and Z-amino-
2-mothyl-1l-propanol raised the knock limit at fuel-air ratios
greater than 0,093,

3, The 21 compounds inveatlgated were less effective in
raising the knock limit than monomethylesmine, dimethylamine, and
ethylenediaemine, which were previously investigated.

Alrcraft Engine Research Laboratory,
National Advisory Comittee for Asronautics,
Cleveland, Ohio.

REFERENCES

1. Bellmen, Donald R., and Evvard, John C.: EKaock-Limited Perform-
ance of Several Internal Coolants., NACA ACR No., 4B0O8, 1544.
(Classification changed fram "Confidentlal" to "Restricited",
April 1948.)

2. Bellman, Donald R., Moeckel, W. E., and Evvard, John C.: Knock-
Limited Power Outputs from a CFR Engine Using Intermal Coolanta.
I ~ Monomethylamine and Dimethylemine. NACA ARR No. E4L21, 194,

3. Bellman, Donald R., Moeckel, W. E., and Evvard, John C.: Knock-
Limited Power Outputs from a CFR Engine Using Intermal Coclants.
II - Six Aliphatic Amines, NACA ACR No. ESH31, 1945, (Classifil-
cation changed fram "Confidential” to "Restricted", April 1948.)



8 . ' NACA RM No. E6LOSe

TABLE I - SUMMARY OF ANTIKNOCK EFFECTIVERESS OF VARIOUS
COMPOUNDS AS INTERNAL-COOLANT ADDITIVES

|CFR engine; AN-F-25, Amendrent-2, fuel; enginc speed, 2500 rpm;
compression ratio, 7.0; spark advance, 30° B.T.C.; inlet-air temper-
ature, 250° F; Jacket temperature, 250° F. Tor each additive there
are two rows of valuesz, The uvpper wvalue is ths ratlo

imock-limited imep of 0.50 (0.30 additive + 0.70 water) + 0.50 fuol
Imool-1llmited imep of 0.35 water + 0.65 fuel

The lower value 1s the ratio

knock-limited imen of 0.50 (0.30 additive + 0.70 wator) + 0.50 fue%]
knosl-linited imep of 0.50 water + 0,50 fuel

Fucl-air ratio®
0.050.06]0.07[0.08{0,09]1.10

Alkyl amines _ } 1
Isopropylamine 1,01}11.14;2.30)1.14]1.1211.01
.9711,0011,10/2.07] ,98) .99

Additive

Iscbutylamine - 1,17§1.23}1,39|1.28(1.32|1.09
1.12{1.0811.18|1.20|1.15|1.07

tert-Butylemino 1,0541.16}41,37(x.21)1.21 (1,02
1.00,1,0211,17(1.14}1,07|1.00

Monoanmylamine (mixed isomeras)}! .84 .96-1.09 1.0411,02 .92'
B80! .,84; .93l .87( ,9G¢ ,90

Alkanclamines
Ethanolamine 0.77.0.86|1.13{1.04{1.09]1.25
74| 78] .96} .98 .96|1.23
! Diethanolamine 89 aamntanan] (821 .77 .75 |

.66!—-"- ~m=w! 58| 67] .72

2=-Amino~Z-methyl-l-propancl .7TL .86 .96 .97'1.08 1.04
.74} .761 .B1| .91, .95(1.02

8The compounds were not considered ag fuels and the heats of
combustion were neglected in computing the fuel-air ratica.

NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS
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TABLE T - SUMIARY OF AUTIINOCK EFFECTIVENESS OF VAﬁIOUS

CMPOUNDS AS INTERNAT-COOLANT ADDITIVES - Continued

Additive Fuel-alxr ratica

. 0.05}0.06/0.0710.08}0.091{0,10

Amides : ’ P
Formewide 1.041,04!1.30{1.15]/1.27}1.13
.99 .92}1.111,1141,12{1.10
! N-Ethylformanide 1.,0712.1941.33|1,26(1.2411.07
1.022.,0541.13{1.21}1.09}1,05
N-Ethylacotanide .95 01,18{1.26}1.20{1.,22:1.04
.95 |1.0471.08}1,12§2.0741.02
N-Ethylproplonanide 1.031.22!1.38!1.,2511.28{1.09
.991i.0811.127{1.16/2.1211.08
K,N-Dinethylformamide : G9311,1111.2641,1311,12| .96
59| .9811.07{1,06| .99} .94
N,N-Diethyiacetanide ,9311.1011.2611.1811,10: .96
.89 .97i1.0¢{1.12] .96! .94

-Hbterocyclic compounds I
2,2-Dimethylethylenimine 0,82}05.9211,0810,9911.03]0.97
«79f .80y 93; .93! .91 ,85

Morpholine .79 .8811.06}1.,01] .c8| .89
.76} .77y .90| .95 .85] .87
Pyridine .9A1.16!1,38{1.27|1.25]1.03
94(1,02}1,17{2,19|1,10]1.01
2-Methylpyridine .96/1.12{1.37|1,30|1.25{1.06
.92| .99,1.16{1.22/1,10/1.03

¥
3-Methylpyridine | .93[1.12;1.32(1,19{1.26{1.05
| .89} ,99!1.12}1.12{1,1C|1.03
4-Methylpyridine .96 1.12‘1.38 1,32{1.27{1.06
.92| .98{1.18}1.24/1,12;1.03
2,6-Dinethylpyridine .90/ 1,13}1.37{1.25{1,28/1.05
.86] .99,1.16/1.17:1.15/1.03

I
2~Vinylpyridine 1.0611.,2411.31[1.24/1.22{1.07

1.0511.09}1.12{1.16/1,07! 1,04

87he comprunds wore not considered as fuels and the heats
of combusticn were negiected in computing the fuel-air
ratios.

NATTONAL ADVISORY CQY¥MITTEE FOR AERONAUTICS
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Flgure 2.

o knock-limited performance of
2800 rpm; compression ratio, 7.
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